Abstract. We report a case of severe type B lactic acidosis (LA) in a 51-year-old male, 12 days after he received his first dose of nivolumab for metastatic Von Hippel Lindau (VHL)-mutated, clear cell renal cell carcinoma. Throughout his hospital course, infection, hypoperfusion, and tissue necrosis were not identified. We propose that his LA may have resulted from either inherent tumor glycolysis or immune activation and enhanced metabolism. The patient's course was complicated by acute renal failure, and his LA rose progressively, eventually necessitating daily hemodialysis (HD). After receiving five consecutive days of HD, the patient started everolimus daily with the intent of reducing glycolytic metabolism. Subsequently, the rate of lactic acid production slowed, and HD was no longer required after two doses of everolimus. To our knowledge, this is the first reported case of type B LA following nivolumab administration, and the use of everolimus to treat type B LA in a patient with renal cancer.
INTRODUCTION
We report a case of life threatening lactic acidosis (LA) following a first dose of nivolumab, a monoclonal antibody against the negative immunoregulatory human cell surface receptor, programmed death-1 (PD-1), in a Von Hippel-Lindau (VHL)-mutated renal cell carcinoma (RCC), and subsequent resolution of LA following everolimus, a mammalian Target of Rapamycin (mTOR) inhibitor, administra- * Correspondence to: W. Kimryn Rathmell, 2220 Pierce Avenue, 777 Preston Research Building, Vanderbilt University Medical Center, Nashville, TN 37232, USA. Tel.: +1 615 875 9731; Fax: +1 615 343 7602; E-mail: kimryn.rathmell@vanderbilt.edu.
tion. To our knowledge, this case of severe type B LA highlights a previously unreported, adverse effect following nivolumab treatment, and proposes using the metabolic effects of everolimus to manage the acidosis.
CLINICAL HISTORY
A 51-year-old male presented to the emergency department (ED) with abdominal distention, generalized weakness, and exertional dyspnea. He had been identified to have an 11.5 cm right kidney mass eight months previously. Pathology at the time of right nephrectomy, approximately seven months prior to admission, revealed clear cell renal cell carcinoma (RCC), Fuhrman grade 4 with sarcomatoid features, positive margins and intra-kidney venous involvement, T3a, N0, M0, stage III. Genetic testing of the tumor revealed mutations in VHL, p53, and CHEK2, consistent with a clear cell primary histology. Three months prior to admission, CT chest, abdomen and pelvis with IV contrast demonstrated the occurance of extensive metastatic disease with a large heterogeneous mass in the right abdomen, multiple peritoneal nodules and right-sided pulmonary nodules (Fig. 1A) . The patient was treated with sunitinib (a vascular endothelial growth factor receptor 2 [VEGFR2], platelet-derived growth factor receptor b [PDGFRb] , and c-kit inhibitor) in combination with infusional gemcitabine, as a part of standard protocol [1] . Repeat CT scan one month prior to admission showed disease progression (Fig. 1B) . This prompted the initiation of second line treatment with nivolumab, given intravenously at a standard dose of 3 mg/kg (408 mg total). 12 days following the first dose of nivolumab, the patient presented to the emergency department.
Upon presentation to the emergency department, he complained of extreme fatigue, dyspnea, and diarrhea in the preceding week. He was afebrile (37C), Fig. 1 . Axial, coronal, and sagittal CT images of the patient's abdomen and pelvis revealing metastatic disease at different time points during his therapy. A. Prior to sunitinib and gemcitabine therapy. B. After sunitinib and gemcitabine therapy, prior to nivolumab therapy and one month prior to admission. C. 47 days after admission. Image shown after nivolumab and during everolimus therapy. Overall response was mixed as compared to prior to everolimus therapy. Table 1 . A chest X-ray revealed a new right-sided pleural effusion, and CT of the abdomen and pelvis revealed increased size of his known mesenteric and hepatic metastases, but no evidence of bowel ischemia or infection.
He was admitted to the medical intensive care unit due to his persistent hypotension, concerning for sepsis. Vancomycin and piperacillin/tazobactam were administered. Blood cultures were negative after 48 hours. Despite normalization of his blood pressure with aggressive IV hydration, his LA increased dramatically ( Fig. 2 ) with persistent acidosis despite serial IV bicarbonate treatments. Differential diagnoses at that stage included severe sepsis despite negative cultures and ongoing broad spectrum antibiotic coverage, ischemic bowel despite negative exam and imaging, type B LA from tumor progression, RCC pseudoprogression secondary to nivolumab, nivolumab-induced immune activation, and adrenal insufficiency.High-dosemethylprednisolone(125 mg IV daily) was initiated on hospital day three to treat systemic inflammation and suspected nivolumabinduced immune activation.
Despite the high dose steroids and resolution of hypotension, the serum lactate continued to rise. Nephrology was consulted given his acute renal failure (eGFR 29 mL/min/1.73m 2 ) with severe acidosis, and hemodialysis (HD) was initiated on hospital day seven. The patient's lactic acid continued to rise at such a rate that daily HD was required (Fig. 2) . On hospital day 11, the patient was administered everolimus 10 mg daily by mouth with the intention of both inhibiting glycolytic activity to reduce lactic acid production, and as an approved targeted agent for treating RCC. As shown in Fig. 2 , the patient required HD for two consecutive days following the initiation of everolimus, however the rate of lactic acid production decreased immediately after the first dose. The patient was discharged home on hospital day 22 with a lactic acid level of 3.0 mEq/L, and did not require further HD.
The patient continued to receive everolimus at 10 mg daily as palliative treatment, demonstrating a mixed response to treatment on the first six week interval CT-scan, approximately two months after receiving nivolumab (Fig. 1C) . Unfortunately, his disease progressed thereafter, and he died of complications from his metastatic disease in the fifth month after initiation of everolimus.
DISCUSSION
This case documents dramatic metabolic derangement subsequent to nivolumab administration, with resolution after initiation of the mTOR inhibitor, everolimus, in a patient with sustained lifethreatening LA and metastatic RCC. Based on literature review, this is the first case report of type B LA in RCC following nivolumab administration.
Throughout this patient's course, there was no evidence that his LA was a consequence of tissue necrosis or inadequate perfusion or oxygenation, classified as a type A LA. Type B LA is a diagnosis of exclusion, and may be a consequence of medications such as metformin, linezolid, nucleoside reverse transcriptase inhibitors, metabolic enzyme deficiencies, thiamine deficiency, renal or hepatic failure, and malignancy. Type B LA has been reported most commonly in the setting of lymphomas and leukemias [2] , but has also been reported in cases of small cell lung cancer, breast cancer, and metastasis from unknown primaries [3] . No cases in renal cell carcinoma have been reported previously.
Nivolumab is a monoclonal antibody (IgG4) that inhibits PD-1 signaling by binding to the PD-1 receptor on activated T-cells and blocking the interaction between PD-1 and the ligands PD-L1 and PD-L2 expressed on tumor cells and immune cells. As a result, the negative signal that suppresses the activation and proliferation of T-cells is removed, and activated T-cells can execute an anti-tumor immune response [4, 5] . PD-1 inhibitors have been used extensively in the treatment of several malignancies including malignant melanoma, lung cancer, renal cell carcinoma, recurrent glioblastoma, and lymphoma [4, [6] [7] [8] .
The non-selective activation of cellular immunity by PD-1 inhibitors has been associated with severe pneumonitis, colitis, hypophysitis, nephritis, hepatitis, thyroiditis, and myocarditis [9] [10] [11] [12] [13] [14] [15] . An alternative explanation for the patient's type B LA is tremendous immune activation following nivolumab therapy. Activated T cells are known to be highly glycolytic [16] , and in this case the patient had a persistent leukocytosis, although this represented a neutrophilia. Repeated imaging taken during his hospitalization showed gross disease stability, thus massive tumor lysis in response to immune attack or rapid disease progression were less likely explanations. Ultimately, we concluded that this case of tremendous type B LA most likely represented aerobic glycolysis by RCC cells (Warburg effect) or by T-cells activated by nivolumab. It is possible that the reduction in tumor burden was in part a delayed response of nivolumab-induced T cell activation and tumor infiltration. It is also possible that the mixed response observed post-hospitalization was due to the effect of everolimus; however, in the absence of mTOR pathway activating mutations, this would be less commonly expected. The patient's renal failure likely contributed to the rapid rise in lactate due to impaired lactate metabolism and excretion [17] .
The strict correlation of the decline in LA upon the administration of everolimus is also notable. The rapid time course of LA reduction does not support the clearance of nivolumab alone. The LA resolved to a more physiologic level within four days of administering everolimus, while seven days of HD resulted in only brief reductions in lactic acid levels at the end of an HD session followed by even higher concentrations each following day.
HYPOTHETICAL MECHANISM
The mutations involved in renal cell carcinoma lead to dysregulation of the metabolic pathways involved oxygen, iron, nutrient utilization [18] . Next generation sequencing (NGS) testing of the reported patient's renal tumor showed mutation of the Von Hippel-Lindau gene (VHL) on the short arm of chromosome 3, which is a common sporadic mutation found in clear cell RCC [19] [20] [21] [22] [23] [24] .
A disrupted VHL complex cannot degrade hypoxia inducible factor (HIF), which accumulates and leads to transcription of genes, including those that promote anaerobic glycolysis [18] . Most VHL mutated tumors display modest or variable glucose uptake, however more aggressive molecular features correspond with increased glucose uptake. In the context of HIF accumulation and severely impaired oxidative phosphorylation, the kidney cancer cell relies primarily on glycolysis for energy production, which can lead to the production of lactic acid as shown in Fig. 3 .
A better understanding of the effects of disrupted VHL function has led to the development of targeted therapies such as sunitinib [25] , that inhibit VEGF/VEGF receptor signaling. The mammalian target of rapamycin (mTOR) signaling also plays a role in the pathogenesis of many renal cancers, owing to common mutations in regulatory signaling factors (phosphatase and tensin homolog (PTEN), tuberous sclerosis (TSC1/2)) [26] [27] [28] , and evidence of activated mTOR signaling is present in many high risk tumors [29] . Everolimus, an mTOR inhibitor, was approved in the second or further line setting based on the RECORD1 study [30] , where it demonstrated a 30% reduction in disease progression and a median Using everolimus to manage type B lactic acidosis in acute cancer syndromes has not been reported previously to our knowledge. The downstream effects of mTOR activity include translational activation of hypoxia-inducible factors (HIF), activation of glucose transport [31] , and insulin-receptor signaling [32] , both of which have potential to lead to increased glycolysis. In fact, Chen et al. [33] found that everolimus decreased standardized uptake values (SUVs) on follow up 18 F fluorodeoxyglucose positron emission tomography ( 18 F-FDG PET) scans in metastatic RCC patients, indicating that everolimus suppressed glycolysis within these tumors.
In addition to the tumor metabolic response, this patient underwent an immune checkpoint inhibitor therapy immediately prior to the development of lactic acidosis. In the absence of sepsis, tumor lysis, or accelerated tumor growth, it remains possible that immune cell activation drove the LA. The metabolic features of immune cells are also essential components of the immune response, and mTOR mediated glycolysis has been implicated in CD4 + effector T cell activation [34] and activated CD8 + T cells [35] . Thus, although the case is complicated by the use of high dose steroids, it remains possible that the enhanced lactic acid production was driven by an enabled T cell response. Figure 3 demonstrates the dual sources of lactic acid in this patient, and the proposed mechanism by which mTOR inhibitor therapy effectively disrupted this process.
CONCLUSION
PD-1 inhibitors have produced dramatic responses in treating several solid malignancies such as lung cancer, renal cell carcinoma, melanoma [4, 6, 7] . We are still discovering potential side effects from PD-1 inhibition, as this case of type B LA following a first dose of nivolumab demonstrates. Additional case reports of similar outcomes or other novel side effects will be beneficial in defining the full spectrum of responses to nivolumab and other immune checkpoint inhibitors. In addition to palliative treatment for kidney cancer, everolimus may be an effective transient treatment for type B LA. The use of an mTOR inhibitor may be helpful in other patients with RCC-associated type B LA.
